The origin of room temperature (RT) ferromagnetism ( 
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2 One of the new generation semiconductors known as DMSs, in which small fraction of the non-magnetic site i.e. the host cations are replaced by magnetic ions. DMSs have drawn much attention to scientific community because of their promising technological applications in the emerging field of spin electronics devices i.e. in spintronic devices, such as nonvolatile memory 1 , spin light emitting diode 2 , spin based quantum computers, spin field effect transistors, logic devices 3 etc. These spintronic devices are multifunctional devices with superior efficiency, lower power consumption and higher speed. The elementary requirement for application point of view, the Curie temperature (T C ) of DMS material is 300 K or beyond. Recently researchers are focusing on metal-oxide-based DMSs, such as ZnO, TiO 2 , CeO 2 , SnO 2 etc., among these possible, ZnO has been widely studied as a host materials for DMS. It is because ZnO was predicted theoretically to be a capable to attain RT DMS. In addition to this, it is also recognized as semiconductor with large excitonic binding energy (60meV) 4 , wide-band gap (3.37eV) and exhibits multifunctional properties. The idea of DMS with dilute doping of magnetic elements in a host semiconductor to create the RT magnetic semiconductor was first predicted by Dielt et al. 5 on the p-type wide band gap semiconductor GaN and Mn doped ZnO. Similarly Sato et al. 6, 7 by theoretically calculation, based on local density approximation shows ferromagnetic ordering with T C above room temperature for n- elements such as Cu, Ni, Co, Fe, Mn, etc. in a wide-gap semiconductors provides a conceivable means of tuning of both optical properties as well as ferromagnetism properties of a single material [8] [9] [10] [11] . It also demonstrates that by simple change in the shape and size of nanomaterial it is possible to tune the physical properties of nanostructure [12] [13] [14] . However, present and existing theories and results [5] [6] [7] cannot satisfactorily articulate the origin of the witnessed ferromagnetism. Recently, RT-FM was detected in undoped in addition to nonmagnetic element doped in semiconductors. For example Schwartz et al. 15 have detected strong ferromagnetic behavior with T C above 350K in Ni doped ZnO films. Meanwhile
Wakano et al. 16 have noticed ferromagnetism at very low temperature of 2K and superparamagnetic at 30K for Ni (with 25%) doped ZnO while Cong et al. 17 detected ferromagnetism with T C above 335K in Zn 1-x Ni x O (x=0.03) nanoparticles. However, Ueda et al. 18 have reported that Co-doped in ZnO films exhibit FM above RT, though Ni-, Cr-and respectively. It has been found that the incorporation of Ni in ZnO nanostructure not only changes its lattice constant, but also produces oxygen and Zn related defects, which alters nanostructure morphology, optical properties and also improves ferromagnetic properties of the sample, which is crucial to develop an optical spintronic device and high-density magnetic storage media. , which comprises Fourier transform with background reduction to derive the versus R spectra from the absorption spectra using ATHENA software, generation of the theoretical EXAFS spectra starting from a presumed crystallographic structure and lastly fitting of experimental data with the theoretical spectra using ARTEMIS software 23 . Room temperature fluorescence spectroscopic measurement was conducted using a spectrofluorometer having 
Experimental Details

Results and discussion
The Reitveld refined XRD patterns of Zn 1-x Ni x O (0<x<0.125) are represented in figure 1(a).
It displays that all peaks of Zn 1-x Ni x O (0<x<0.125) samples resemble with the standard Bragg positions for hexagonal phase of wurtzite ZnO (space group P6 3 mc), which have been indicated by the upright lines at the bottom of the XRD patterns. Ni doping does not lead to the occurrence of additional peak or vanishing of peak related to hexagonal wurtzite pure ZnO structure in XRD pattern and confirms that the samples are phase pure without any change in their wurtzite phase. There is no trace of impurity related to NiO or and any binary phases of zinc/nickel are observed up to 12.5% Ni doping. However the probability of existence of the minute phase or small cluster cannot be completely ruled out considering the detection limit of XRD technique. It has been noticed from fig. 1(a) , that all the sample show strong directional growth along (002) plane, which indicates that growth along c-axis is more preferred as compared to other axis. This might be due to the nucleation of rods like morphology of the samples, which is most common in ZnO. However with an increase in Ni concentration, there is a signature of growth along (100) and (101) directions also, which gives the hint of alteration in morphology or orientation and incorporation of Ni into ZnO lattice 24 . Due to comparable ionic size of Ni 2+ (0.55Å) and Zn
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(0.60Å), Ni ions replace Zn 2+ ions easily in ZnO lattice, without distorting the crystal structure significantly. However, vigilant investigation of the peak location of samples show that the (002 ) peak is relocate towards lower two theta value up to 10% Ni doping and in higher doping concentrations, the peak is slightly rearrange to higher two theta values, as shown in fig. 1 
(b).
Form the Reitveld refinement, full detail of the lattice parameter and crystal structure of Zn 1-x Ni x O (0<x<0.125) samples are given in Table S1 . It shows, Zn/O occupancy ratio is less than 1, moreover with Ni doping it decreases, therefor this support the defect formations mechanism is due to doping fig. 2 (a).
and
Where "u p " is the positional parameter, defined as the bond length parallel to the c-axis, along the 'c' axis 27 (given by ). Fig. 2 
Where R = 1 gives the ideal wurtzite structure Ni doping increases the size of ZnO nanostructures, in case of pure ZnO there is rod like morphology with diameter ~100 nm and length ~2 µm and with 5%, 7.5% and 10% Ni doping the diameters changes to ~150 nm, ~200 nm and ~300 nm, respectively. However in case of 10% and higher doping concentration of Ni, flake-like morphology also co-exists along with rods. This suggests that Ni is replacing Zn in ZnO and altering its morphology.
From the EDXS (energy dispersive X-ray spectra) of all samples, the atomic percentages of Ni and ZnO in the samples are estimated and shown in Table S2 . Similarly, the Ni K-edge data were fitted assuming that Zn atoms are replaced by Ni atoms in wurtzite structure. During fitting of the data, coordination numbers of the different shells,
Debye-Waller factor (σ 2 ) and bond distance (R) were fitted as free parameters whereas nonstructural parameter E 0 was fixed Figure 5 (a, b) also shows the best fitted curves and best fitting values of the parameters are listed in Table 1 and Table 2 . Sharpest and strongest peaks at 99cm −1 and 438cm -1 presented in fig. 6 are allocated to the high and low frequency branch of E 2 mode, E 2 high and E 2 low respectively. E 2 low is due to the vibration of weighty atom i.e. Zn and E 2 high is due to Oxygen sub-lattice, which are the characteristic and most prominent peak of wurtzite ZnO structure 36, 37 . The modes, A 1 (TO) and E 1 (TO) show the polar lattice bond strength 38 while A 1 (LO) and E 1 (LO) modes can be detected in the unpolarised Raman spectra under back scattering geometry in a bulk ZnO.
However, when the size of crystal is in nanometre level, first-order Raman scattering is relaxed (for selection rule with k = 0) and phonon scattering is not restricted to the centre of the Brillouin zone 39 . As a result of this, the ZnO nanostructure shows different Raman modes (E 2 high , E 2 low , A 1 (LO), A 1 (TO), E 1 (LO), and E 1 (TO) modes). RT Raman spectra, range from wavenumber 90 to 700cm -1 is presented in fig.6 which shows all prominent peak of wurtzite ZnO after Ni doping with additional peak at 276 cm -1 appearing in Ni doped sample only (See supporting figure S1 ). As the Ni content increases, some of the Raman modes appear broad and highly intense without appreciable shift in comparison to pure ZnO. This provides the hint of change in local symmetry of the nanostructures due to incorporation of Ni atom in the host lattice, while the crystal structure remains the same. This fact is corroborated from EXAFS result also as discussed earlier. 40, 41 . In our case, Raman scattering peak is centred around 580cm -1 for pure ZnO and Ni doping this peak becomes broad and slightly shifted to 583cm -1
. As a result, this peak can be allocated to the mixture of both LO (A 1 and E 1 )
vibrational modes of ZnO. Apart from these five foremost peaks, we have observed an additional mode (AM) only in doped samples at ~276 cm -1 (see supporting Figure S1 ). So far the source of this peak is still unclear, as the previous literature ascertains dissimilar reasons for the existence of this peak. Kaschner et al. 44 reported this AM in Raman spectra at 274 cm -1 associated with Nitrogen (N) -doping; appealing that with N substitution the intensity of this peak growth and have assigned them as nitrogen-induced local vibration modes (LVMs).
Similarly Wang et al. 45 have also reported this in N-doped ZnO sample. However, later similar group investigated that these additional modes also appears in the Raman spectra of Table S3 ). The first peak (E 1 ) at 396 nm is related to NBE, which arises due to the recombination of free exciton existing in the ZnO nanostructure 48 . Ni doping shows the red shift in NBE for Ni 5% doping; this red shift can be feature of robust exchange interaction between s-p electrons and d-electrons of Ni 2+ ions of ZnO band 49 . E 2 peak at 401 nm is attributing to the first longitudinal optical phonon copy of free excitons 50 while an origin of rest of the peaks has been discussed in detail in our previous study 24, 51 . We also observed there is change in the relative intensity after Ni doping; it is due the dependence of intensity on the concentration of electrons at particular defect level. After Ni doping the concertation of electron increases and creates a defect level near the conduction level. This might be one of the reasons for change in the relative intensity after doping (see supporting information Table S3 ). There is a broad and intense green emission peak E 10 is also observed in all ZnO samples (see supporting figure S2 ). The cause of this peak is considered as a green emission (504-524nm) is due to the recombination of photo generated hole and the electron trapped by single ionized oxygen vacancies (V o + ), this proof of presence of singly ionized oxygen vacancy states 51, 52 . However oxygen vacancies, which are an important class of point defects in oxides and also known as colour centres (F centres) 53 shows three dissimilar charge states, . These defects arising due to Ni doping in ZnO nanostructure play a vital role in deciding the magnetic behaviour of the samples as has been discussed below.
It is very well recognised that for the extensive range of applications, the DMS materials should have a T C , well above RT (300 K). The magnetization vs magnetic field (M-H) plots are shown in fig.8 (a and b) , measured at 80K and for the ZnO:Ni 5% sample measured at 80K, 150K and 300K respectively (inset show room temperature M-H of pure ZnO). 
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